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Abstract
Due to the large strain capability, electroactive polymers (EAPs) are promising materials for several engineering applications, for
example: they can be used as actuators, and sensors in cameras, pumps, valves, etc. Generally speaking, the mode of action
in EAPs is based on Coulomb forces generated by electric ﬁelds that cause the polymer membrane to contract in the thickness
direction. In the present paper, a mixed ﬁnite element formulation was developed for modeling the electromechanical coupling and
for simulations concerning electroactive polymers.
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1. Introduction
Electroactive polymers (EAPs) are considered as functional materials that respond to electrical stimulation with a
signiﬁcant change in shape. They can be used as actuators in active structures, in particular when large deformation
is required. Compared with other types of actuator technologies, EAP actuators generate much larger strain (in order
of 10% to 100%) than electroactive ceramics and respond faster than shape memory alloys. In addition, EAPs are
inexpensive, can be fabricated into diﬀerent shapes, and are lightweight. Due to the aforementioned features, EAPs
are used in a number of applications. For example, EAPs have been used to develop ”artiﬁcial muscles”5,6. Among
the electric EAP materials, the dielectric elastomer (DE) is one of the most promising with outstanding properties.
Speciﬁcally, the combination of large elongation, high energy density, eﬃciency, and high speed of response5,24,25
are unique to dielectric EAPs. Several applications have been envisaged for dielectric elastomer actuators, including
mobile mini/micro robots27, a cardiac pump4,26,27, a micro air vehicle21, and artiﬁcial muscles16,22,28.
Because of the potential applications of EAPs, the theory of non-linear electroelasticity experiences a renaissance
in recent years leading to fundamental theoretical aspects related to the coupling phenomena in active elastomers
and numerical modeling. Speciﬁcally, constitutive equations for ﬁnite deformations of the electroelastic elastomers
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have been developed9,10,8. Recently, the theory developed by Toupin32 for elastic dielectrics has been revisited by
Ericksen11,12. Also, a principle of virtual work by using the electrostatic potential and the displacement as independent
variables was constructed in19,20. A basically equivalent approach is published by Suo et al. 31, which is diﬀerent from
the one of McMeeking et al. 20 in the way that a spatial formulation was used instead of a material formulation.
Regarding the computational aspect, Wissler and Mazza42 developed a methodology for analyzing electrome-
chanical behavior of VHB actuators. In their concept, the electromechanical coupling was achieved by applying the
electromechanical pressure that was proposed by Pelrine et al. 23 as a surface pressure. It was reported in Wissler
and Mazza42 that the aforementioned methodology exhibited convergence diﬃculties. Therefore, in modeling elec-
tromechanical behavior one should take into account the coupling nature between the mechanical and electrical
ﬁelds. Landis18 presented a new ﬁnite element formulation as a solution to electro-mechanical problems in the
small deformations regime. Variational approaches were formulated and implemented in the ﬁnite element method
by34,35,36,37,38,39 in order to model electro-elastostatics at large strains in a realistic way. The electro-viscoelastic
behavior of polyurethane was studied by Ask et al. 1,2, where the Poisson’s ratio was decreased in order to avoid volu-
metric locking in their ﬁnite element calculations. Hence, one can argue that changing the Poisson’s ratio may change
the behavior of the material. Recently, Ask et al. 3 presented a mixed ﬁnite element formulation that eliminates the
volumetric locking in nearly incompressible materials, and applied it in the inverse motion problem. Bueschel et al. 7
introduced a numerical approach for the simulation of dielectric elastomers including the time dependent nature of the
elastomers, in which the deformation gradient was multiplicatively decomposed into elastic and viscous ones. More-
over, the research work of7 has applied the standard Bubnov-Galerkin approach. Finally, Khan et al. 14 formulated a
variational constitutive framework that accounts for nonlinear viscous behavior of dielectric elastomers under large
deformation, and studied the electro mechanical instability of dielectric elastomers.
Predicting safe modes of operation and operational lifetimes of dielectric elastomers devices is a signiﬁcant chal-
lenge in their design. These predictions require a profound understanding of both electrical failure (dielectric break-
down, electromechanical instabilities), and mechanical failure (fatigue, fracture). Speciﬁcally, for dielectric elastomer
materials, e.g. the commonly used VHB 4910, the electric breakdown strength was experimentally shown to de-
pend on the applied deformation15. Electromechanical instability can occur in dielectric elastomer materials under a
voltage-controlled regime since the load arising from the electric ﬁeld increases with the square of the electric ﬁeld. As
the material deforms, the electric ﬁeld increases, which in turn, causes greater deformation. If the material’s stiﬀening
is not strong enough to resist this increasing load, the dielectric elastomer deforms continuously until it experiences
electric breakdown29,42,43. Recently, the electromechanical stability of the dielectric elastomer was investigated44,45,47
using a general convexity condition, in which the Hessian matrix must be positive deﬁnite at the equilibrium state.
The objective of this paper is to present a mixed ﬁnite element formulation for modeling the electromechanical cou-
pling in electroactive polymers. The necessity of the mixed ﬁnite element formulation is due to the volumetric locking
that the standard Bubnov-Galerkin approach exhibits. In particular, the developed mixed ﬁnite element formulation
will allow eﬀective design of electroactive polymer actuated mechanisms with large induced strains. The adequate
numerical tool is necessary for predicting the behavior of electroactive polymer actuators as well as for simulating
their responses.
The outline of the paper is as follows: Section 2 presents the basic equations for electromechanical coupling.
Section 3 brieﬂy presents the mixed ﬁnite element formulation. In Section 4 a number of example problems are
presented. Finally, Section 5 summarizes and concludes the present study.
2. Basic equations of electromechanical coupling
By way of background, let X denotes the location of a material point in the reference conﬁguration, x denotes the
location of the same material point in the present conﬁguration, and F = ∂x/∂X denotes the deformation gradient
that maps the reference conﬁguration to present conﬁguration. Also, let {e, d} be the electric ﬁeld vector and electric
displacement vector, respectively. The Lagrangian counterparts of the electric ﬁeld and electric displacement, denoted
by {E, D}, are given by
E = FTe, D = JF−1d, (1)
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where J = det (F) is the determinant of the deformation gradient. In the absence of magnetic ﬁeld, free currents and
free electric charges, the electric displacement and the electric ﬁeld satisfy the following equations
div (d) = 0, curl (e) = 0, e = −∂φ
∂x
, (2)
with curl (•) and div (•) being, respectively, the curl and the divergence operators with respect to current conﬁguration,
and φ is the scalar electric potential. It should be noted that (2b) indicates that the electric ﬁeld vector is conservative
ﬁeld. Also, the Lagrangian form of (2) reads
Div (D) = 0, Curl (E) = 0, E = − ∂φ
∂X
. (3)
The relationship between the electric ﬁeld vectors {e, E} and the electric displacement {d, D}, respectively, are gov-
erned by the following constitutive equations
d = ε0e + p, D = ε0JC−1E + P with P = JF−1 p, (4)
where p is electric polarization density, P is the reference form of the electric polarization density, and ε0 is the vacuum
electric permittivity. Next, the equilibrium equations for nonlinear electroelasticity with neglecting the mechanical
body forces are written in current conﬁguration such as
div (σ) = 0, σ = σelastic + e ⊗ p+ ε0e ⊗ e − 12ε0 (e · e) I. (5)
In (5), σ is the total Cauchy stress tensor, σelastic is the elastic Cauchy stress tensor, the second term on the right hand
side of (5b) represents non-symmetric polarization stress tensor30, and the last two terms of the right hand side of (5b)
represent the symmetric Maxwell stress tensor. The Lagrangian form of the equilibrium equations (5) are
Div (FS) = 0, S = Selastic +
(
C−1E
)
⊗ P + Jε0
(
C−1E
)
⊗
(
C−1E
)
− 1
2
Jε0
(
C−1 : (E ⊗ E)
)
C−1, (6)
where S = JF−1σF−T is the total second Piola-Kirchhoﬀ stress tensor and C = FTF is the right Cauchy-Green
deformation tensor. In order to complete the formulation of boundary value problem we need to specify boundary
conditions. Speciﬁcally, the mechanical and electric Neumann boundary conditions are, respectively, given by
(FS) · N = T0 on ∂BT0 , D · N = −Q0 on ∂BQ0 , (7)
where N is the unit outward normal to the surface of the body in the reference conﬁguration and {T0, Q0} are, respec-
tively, the external mechanical traction applied on the boundary ∂BT0 and the electric charges at the boundary ∂B
Q
0 .
The Dirichlet boundary conditions are deﬁned by prescribing the displacement of the body on the boundary ∂Bu0 (i.e.
u = u on ∂Bu0) and prescribing the electric potential on the boundary ∂B
φ
0 (i.e. φ = φ on ∂B
φ
0).
In addition to the governing equilibrium equations and boundary conditions we need constitutive equations that
govern the total second Piola-Kirchhoﬀ stress and the electric displacement. Following9, we assume the existence of
a strain energy function (per unit volume) W (C, E) that depends on the right Cauchy-Green tensor C and the electric
ﬁeld vector E such that
W (C, E) = ρ0ψ (C, E) − 12 Jε0C
−1 : (E ⊗ E) . (8)
It should be noted that the second term of the strain energy function determines the Maxwell stress in vacuo. Also,
the dependence of the strain energy on {C, E} can be replaced by the invariants {J, α1, α2, I4, I4, I5, I6}, where {α1 =
C′ : I, α2 = C′ : C′} are the two non-trivial invariants of the unimodular tensor C′ = J−2/3C, and the invariants
{I4, I4, I5, I6} are deﬁned by
I4 = E · E, I5 = C−1 : (E ⊗ E) , I6 = C−2 : (E ⊗ E) . (9)
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Then, the total second Piola-Kirchhoﬀ stress tensor and the reference electric displacement will take the following
general forms
S = 2
∂W
∂C
= ρ0
∂ψ
∂J
JC−1 + 2ρ0
∂ψ
∂α1
J−2/3
[
I − 1
3
α1C′−1
]
+ 4ρ0
∂ψ
∂α2
J−2/3
[
C′ − 1
3
α2C′−1
]
− 2ρ0 ∂ψ
∂I5
(
C−1E
)
⊗
(
C−1E
)
− 2ρ0 ∂ψ
∂I6
[(
C−1E
)
⊗
(
C−2E
)
+
(
C−2E
)
⊗
(
C−1E
)]
+ Jε0
(
C−1E
)
⊗
(
C−1E
)
− 1
2
Jε0
(
C−1 : (E ⊗ E)
)
C−1,
D = −∂W
∂E
= −2ρ0 ∂ψ
∂I4
E − 2ρ0 ∂ψ
∂I5
C−1E − 2ρ0 ∂ψ
∂I6
C−2E + Jε0C−1E,
(10)
where εr is the relative permittivity. Assuming that for dielectric materials the current direction of the polarization
(and thus the electric displacement) coincides with the current direction of the electric ﬁelds, it follows that
ρ0
∂ψ
∂I4
= 0, ρ0
∂ψ
∂I5
= −1
2
Jε0 (εr − 1) , ρ0 ∂ψ
∂I6
= 0. (11)
Substituting (11) into (10 b) and using (1 b), yields the following referential and current forms, respectively, of the the
electric displacement
D = Jε0εrC−1E, d = ε0εre. (12)
Recently, Wissler and Mazza43 measured the permittivity of VHB 4910 elastomer, which is considered as one of
the widely used dielectric elastomers, under equibiaxial predeﬁned stretching. The values of the measured permittivity
are reported in Fig. 1. Based on the experimental data by Wissler and Mazza43, Zhao and Suo46 proposed that the
relative permittivity is given by εr = 4.68 (1 − 0.053 (λ1 + λ2 − 2)), where {λ1, λ2} are the two inplane stretches.
Volokh33 generalized the expression for the relative permittivity proposed by Zhao and Suo46 to the three dimension
case by assuming that the relative permittivity depends on the ﬁrst invariant of the Cauchy-Green deformation tensor
εr = c0 [1 + c1 (C : I − 3)] , (13)
where c0 = 4.68 and c1 = −0.0105. It should be noted that the values of the parameters {c0, c1} may change due to
improvements in measuring the permittivity of dielectric elastomers.
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Fig. 1. Experimentally measured permittivity 43 of VHB 4910 elastomer (squared points) as function of applied inplane stretch. The solid line
represents a function proposed by33.
Also, based on the speciﬁcation (11) and the assumption that the mechanical response of elastomers can be addi-
tively decoupled in two terms (one is associated with the volume change and the other is associated with distortional
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deformation), the strain energy function (8) is speciﬁed by
W (C, E) =
K
4
(
J2 − 1 − 2ln (J)
)
+
μ
2
(α1 − 3) − 12 Jε0εrC
−1 : (E ⊗ E) , (14)
where {K, μ} are, respectively, the bulk modulus and the shear modulus. The speciﬁc form of the strain energy
function (14), and the fact that the permittivity depends on the deformation, yields the following expression for the
second Piola-Kirchhoﬀ stress tensor
S =
K
2
(
J2 − 1
)
I + μJ−2/3
[
I − 1
3
α1C′−1
]
+ Jε0εr
(
C−1E
)
⊗
(
C−1E
)
− 1
2
Jε0εr
(
C−1 : (E ⊗ E)
) [
C−1 +
c0c1
εr
I
]
.
(15)
Finally, Table 1 summarizes the basic equations presented in this section.
Table 1. Summary of the basic equations of electromechanical coupling.
Kinematics Field equations Boundary conditions Constitutive equations
F =
∂x
∂X
, C = FTF Div (FS) = 0 (FS) · N = T0 on ∂BT0 and u = u on ∂Bu0 S = 2
∂W
∂C
E = − ∂φ
∂X
Div (D) = 0 D · N = −Q0 on ∂BQ0 and φ = φ on ∂Bφ0 D = −
∂W
∂E
3. Finite element formulation
Generally speaking, polymers have a bulk modulus, which is much higher than the shear modulus. Therefore,
polymers are considered as nearly incompressible materials, and the use of the standard Bubnov-Galerkin approach
will lead to volumetric locking. In the present work, the mixed ﬁnite element formulation is applied to overcome the
aforementioned volumetric locking. Within the mixed ﬁnite element formulation the dilatation measure of the defor-
mation is evaluated in an average manner, while the distortional part is valid point wise. Particularly, the functional
of the total potential energy is decomposed into an internal part due to the strain energy function, and to external part
due to external tractions and electrical ﬂuxes, such that
Π
(
C, J, p, E
)
= Πint − Πext =
∫
Ω0
[
W
(
C, E
)
+ p
(
J − J
)]
dΩ0 −
⎡⎢⎢⎢⎢⎣∫
∂BT0
u · T dΓ0 +
∫
∂BQ0
φQdΓ0
⎤⎥⎥⎥⎥⎦ , (16)
where {J, p} are, respectively, the average dilatation and the average pressure, and C is the modiﬁed right Cauchy-
Green deformation tensor deﬁned by
C = F
T
F, F =
⎛⎜⎜⎜⎜⎝ JJ
⎞⎟⎟⎟⎟⎠1/3 F. (17)
The variation of (16) yields the following four variational equations
δΠC =
∫
Ω0
S :
⎛⎜⎜⎜⎜⎜⎜⎝12
⎛⎜⎜⎜⎜⎝ JJ
⎞⎟⎟⎟⎟⎠2/3 δC
⎞⎟⎟⎟⎟⎟⎟⎠ dΩ0 with S = S − 13
(
S : C
)
C
−1
+ pJC
−1
,
δΠJ =
∫
Ω0
⎡⎢⎢⎢⎢⎣S : C3 − J p
⎤⎥⎥⎥⎥⎦ δJ
J
dΩ0,
δΠp =
∫
Ω0
(
J − J
)
δp dΩ0,
δΠE =
∫
Ω0
−D · δE dΩ0, with δE = −∂δφ
∂X
,
(18)
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with S is a second Piola-Kirchhoﬀ stress tensor which is calculated using the modiﬁed Cauchy-Green deformation
tensor. Also, vanishing the variational equations (18b) and (18c) yield
p =
1
Ω0
∫
Ω0
S : C
3J
dΩ0, J =
1
Ω0
∫
Ω0
J dΩ0. (19)
Following the aforementioned mixed ﬁnite element formulation and speciﬁcally using (18a), (18d) and (19), a brick
element with eight nodes and four degrees of freedom at each node (three nodal displacements, û, and one nodal elec-
tric potential, φ̂) was developed and implemented in Abaqus (a commercial ﬁnite element package) for the numerical
simulations of electroctive polymers.
4. Numerical example
In this section, the developed mixed element formulation is applied to study the electromechanical coupling in elec-
troactive polymers. The numerical examples include: the patch test, electromechanical instability, and the response
of bending type actuator. The material properties of the dielectric elastomers (VHB 4910) are
μ = 13.5 kPa, K = 13.5MPa, (20)
where the shear modulus of the VHB 4910 was calibrated according to the experimental data in13. Also, the relative
permittivity was assumed to be deformation dependent according to (12) with the following coeﬃcients
c0 = 4.68, c1 = −0.0105. (21)
4.1. Patch test
The patch test is an essential numerical test that can be used to verify the correctness of the implemented ﬁnite
element. Speciﬁcally, in this test we consider an elastomeric ﬁlm (2a) fully covered by electrodes on both the bottom
face (X · e3 = 0) and the upper face (X · e3 = L3). The ﬁlm is 20mm long, 20mm width, and 1mm thick. Also, the
ﬁlm is meshed by highly distorted seven elements (see ﬁgure 2b) and subjected to electric potential at the bottom and
top faces causing an electric potential diﬀerence Δφ. Since the deformation is homogeneous and the electric potential
varies linearly through the thickness of the plate (i.e. constant electric ﬁeld), it is possible to derive an analytical
solution.
e1 e2
e3
L1
=
20
.0m
mL
2 =
20.0mm
(a)
(b)
Fig. 2. (a) Geometry of the thin ﬁlm; (b) Finite element model meshed with seven elements.
Figure 3a shows the stretch (in the direction e3) versus the normalized applied electric potential diﬀerence Δφ/φ0
using the developed element. The numerical solution was compared with the analytical solution of the electrome-
chanical coupling equations, and it can be seen that both numerical and analytical solutions coincide. Moreover, the
change in volume J was calculated and plotted in ﬁgure 3b. It can be seen that using the mixed formulation with a
high bulk modulus enforces the volume to remain constant.
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Fig. 3. (a) The vertical stretch versus the normalized applied electric potential diﬀerence; (b) The volume change versus the normalized applied
electric potential diﬀerence.
4.2. Electromechanical instability
The electromechanical instability is one of the failure modes that dielectric elastomer may experience. It was
experimentally29 observed that when an electric potential is applied to the dielectric elastomer, it causes a reduction
in the thickness of the dielectric elastomer, which results in a higher true electric ﬁeld (electric ﬁeld in the current
conﬁguration). The electromechanical instability is deﬁned as the sudden reduction in the thickness of the dielectric
elastomeric ﬁlm due to the increase of the true electric ﬁeld during the deformation of the elastomer. Generally
speaking, for a complex system that is subject to mechanical and/or electrical loads, the system will be considered
stable when the total free energy of the system remains convex, and in order to ensure that, the local tangential stiﬀness
(Hessian) must be positive deﬁnite. Speciﬁcally, the Hessian of the coupled electromechanical system is calculated as
follows:
H =
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
∂2W
∂C∂C
∂2W
∂C∂E
∂2W
∂E∂C
∂2W
∂E∂E
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (22)
Therefore, the critical condition at which the electromechanical instability occurs is deﬁned when the above Hessian
is singular14, (i.e. det (H) = 0).
Figure 4a shows the normalized applied electric potential diﬀerence versus the normalized vertical displacement
of the ﬁlm, and 4b shows the normalized determinant of the Hessian versus the normalized applied electric potential
diﬀerence. It can be seen from 4a that the nonlinear equilibrium path of the dielectric ﬁlm exhibits a limit point
(marked by x), which deﬁnes the electromechanical instability point. Also, it can be seen from 4b that the determinant
of the Hessian decreases when increasing the applied electric potential, and when the determinant of the Hessian
vanishes, the electromechanical instability is realized. The eﬀect of the deformation dependence relative permittivity
on the nonlinear response of dielectric elastomers and on the electromechanical is shown in Fig. 4. It was found that
for negative values of c1 the electric potential diﬀerence that causes the electromechanical instability becomes higher,
and further decreasing the value of c1 will suppress the electromechanical instability. However, the electric potential
diﬀerence that causes the electromechanical instability decreases as the value of c1 increases.
4.3. Bending type actuator
One of the applications for dielectric elastomers is the actuators technology. In this section, we will study the
response of a bending type actuator (i.e. bimorph bending actuator), and to this end, we consider a cantilever beam
which, is clamped at X · e1 = 0. The actuator is 20mm long, 5mm wide and 1mm thick (see 5a), and consists of
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Fig. 4. (a) The normalized applied electric ﬁeld diﬀerence versus the normalized vertical displacement. The limit points (electromechanical
instability) are marked by crosses; (b) The normalized Hessian versus the normalized applied electric ﬁeld diﬀerence.
two thin layers of electroactive polymers, with a thickness of 0.5mm each. The upper layer is electrically passive,
while the bottom layer of the dielectric elastomer is sandwiched between a pair of compliant electrodes located at the
actuators’s bottom surface (i.e. X · e2 = 0) and the actuators’s mid surface (i.e. X · e2 = 0.5mm). Fig. 5 shows a
sketch of the bimorph bending actuator, and the location of the compliant electrodes.
e1
e2
e3
L
1 =
20.0mm
L2
= 1
.0m
m
L3
=
5.0
mm
(a)
e2
e1
Δφ
(b)
Fig. 5. Sketch of bending actuator showing the (a) geometry; and (b) electrodes setup.
The bottom layer of the actuator is subjected to electric potential diﬀerence between the upper and lower electrode.
The electric potential causes a reduction in the thickness of the bottom layer, and at the same time, an elongation in
the perpendicular direction to the electric ﬁeld. The elongation in turn causes the actuator to bend. Fig. 6 shows the
deformed shapes under diﬀerent values of electric potential diﬀerence Δφ = {1.55 kV, 3.10 kV, 4.65 kV, 6.20 kV}, and
demonstrates the role up evolution of the bending actuator.
Figure 7a and b show the normalized electric potential diﬀerence (Δφ/φ0, φ0 = 6.2 kV) versus the normalized
horizontal and vertical components, respectively, of the displacement (u · e1/L1 and u · e2/L1) of point A located at
{20mm, 5mm, 1mm}. It can be seen that the horizontal component decreases monotonically and reaches the value of
−1.22L1 at Δφ = 6.2 kV, while the vertical component increases until it reaches a maximum at Δφ ≈ 5.12 kV, and
then it decreases. Both Fig. 7a and b demonstrate that the actuator undergoes large deformation.
Finally, the setup of the electrodes is changed from two compliant electrodes to two sets of two compliant elec-
trodes, where the ﬁrst set is attached to the bottom and middle surfaces and the second set is attached to the middle
and upper surfaces (see Fig. 8a). It is assumed that the electrodes at the bottom and upper surfaces have the same
dimension and the two sets of the electrodes can be activated simultaneously. Fig. 8b shows the deformed shapes of
the actuator under the application of the electric potential diﬀerence. It can be seen that ﬁnal deformed shape in this
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Fig. 6. Deformed shapes of the bending actuator at diﬀerent values of electric potential diﬀerence.
0.00
0.20
0.40
0.60
0.80
1.00
-1.25 -1.00 -0.75 -0.50 -0.25 0.00
Δ
φ
/
φ
0
,
φ
0
=
6
.2
k
V
u · e1/L1
(a)
0.00
0.20
0.40
0.60
0.80
1.00
0.00 0.20 0.40 0.60 0.80 1.00
Δ
φ
/
φ
0
,
φ
0
=
6
.2
k
V
u · e2/L1
(b)
Fig. 7. The electric potential diﬀerence versus: (a) the horizontal component of the displacement vector of point A located at {20mm, 5mm, 1mm};
and (b) the vertical component of the displacement vector of point A.
particular arrangement of the compliant electrodes leads to ”S”-like shape instead of the ”C”-like shape (see Fig. 6)
obtained by the original setup.
5. Conclusion
A mixed ﬁnite element formulation was developed for studying the electromechanical coupling in electroactive
polymers. Generally speaking, polymers are considered as nearly incompressible materials, and it is will known that
the standard Bubnov-Galerkin approach leads to volumetric locking when the Poisson’s ratio approaches the value 0.5.
However, the mixed ﬁnite element formulation eliminates the volumetric locking, and allows to study the nonlinear
response of electroactive polymers. In particular, the ﬁnite element simulations of the beam actuator and the study
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Fig. 8. (a) A setup of the two sets of compliant electrodes; and (b) the deformed shape of the actuator at diﬀerent values of the applied electric
potential diﬀerence.
of the electromechanical instability indicates the applicabilities of the developed ﬁnite element formulation for the
modeling and simulating electroactive polymers.
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